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ABSTRACT 
A r e p o r t  is  made on t h e  f e a s i b i l i t y  of d i s c r i m i n a t i n g  sub- 
popula t ions  of j a c k  mackerel,  Trachurus symetmkus ,  o f f  of  
t h e  sou the rn  C a l i f o r n i a  and Baja C a l i f o r n i a  c o a s t .  Histo- 
chemical ,  morphometric, and m e r i s t i c  c h a r a c t e r s  a r e  compared 
from four  samples of  approximately 200 f i s h  each taken from 
t h r e e  a r e a s .  The d a t a  a r e  analyzed f o r  homogeneity by chi-  
square  t e s t s .  Heterogenei ty was found only i n  a n a l  f i n  ray 
counts .  Recommendations f o r  a comprehensive s tudy  a r e  made'. 
1' Marine Resources Adminis t ra t ive  Report No. 7 6-2 January 19 76. 
Operat ions Research Branch, 350 Golden Shore,  Long Beach, 
Cali ' f  o rn i a  90802. 
2/ Opera t ions  Research Branch, 411 Burgess Dr ive ,  Menlo Park ,  
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INTRODUCTION 
Jack  mackerel,  Trachurus symrnetuicus, a r e  found from t h e  Gulf of 
/- , Alaska t o  t h e  Gulf o f  Tehuantepec, o f f  t h e  coas t  of sou the rn  Ilexico, 
I, 
and a s  f a r  a s  1300 m i l e s  seaward (Blunt 1969).  Within t h i s  range t h e  
/~ 
maximum d e n s i t y  i s  found from P o i n t  Conception t o  c e n t r a l  Baja C a l i f o r n i a  
(Frey 1971). Jack  mackerel a r e  d i f f e r e n t l y  d i s t r i b u t e d  by age 
throughout t h e i r  range. The c e n t e r  of abundance of eggs and l a r v a e  i s  
i 
from P o i n t  Conception . t o  Cape San Quentin and nea r ly  500 n a u t i c a l  
mi les  o f f  the  coas t  (Ahlstrom 1969).  
For t h e i r  f i r s t  3 t o  6 yea r s  j a c k  mackerel remain i n s h o r e ,  where 
I they congregate  i n  s choo l s  and a r e  vulnerable  t o  round hau l  gear .  A s  
they  grow o l d e r  and l a r g e r ,  they  school  l e s s  and i n h a b i t  o f f s h o r e  
waters  ou t s ide  t h e  range  of t h e  e x i s t i n g  commercial f i s h e r y .  The major i ty  
I 
of female j ack  mackerel a r e  mature a t  t h e  end of their f i r s t  y e a r  and 
e s s e n t i a l l y  a l l  a r e  mature a t  age  two (Wine and Knaggs 1975). Throughout 
t h e  h i s t o r y  of t h e  f i s h e r y ,  t h e  age mode of t h e  c a t c h  has diminished 
1 u n t i l  now t h e  c a t c h  c o n s i s t s  p r i m a r i l y  of 1, 2, and 3 y e a r  o l d  f i s h  with 
4 t o  7 yea r s  becoming i n c r e a s i n g l y  s c a r c e .  
This downward t r e n d  has  concerned those  who manage t h e  f i shery  and 
has i n s p i r e d  t h e  fo l lowing  ques t ions :  (i) what i s  t h e  r e l a t i o n s h i p  be- 
tween the  e x p l o i t e d  schools  of f i s h  i n  t he  southern  C a l i f o r n i a  waters  
and the  l a r g e r ,  non schoo l ing ,  o f f sho re  f i s h ,  and (ii) what i s  t h e  r e l a -  
t i onsh ip  between the  e x p l o i t e d  schoo l s  and those  which a r e  observed i n  
t he  rest of t h e  range? I f  t h e  e x p l o i t e d  popula t ion  i s  r e c r u i t e d  from 
surrounding popula t ions  and is  t h e  progeny of an o f f s h o r e  spawning stock, 
t h e r e  is  l e s s  t o  be  concerned about  than  i f  t h e r e  a r e  s e p a r a t e  spawning 
s tocks  wh ich  . t  provide  t h e i r  own r e c r u i t s .  
To answc: t hese  q u e s t i o n s ,  a s tudy  was funded by t h e  Marine 
Research Commztee i n  1974 t o  a s s e s s  t h e  f e a s i b i l i t y  of  d i s c r i m i n a t i n g  
p o s s i b l e  subpopula t ions  o r  s e p a r a t e  spawning s t o c k s .  W e  used t h e  classical 
technique o f  comparing morphorne t r ic  and m e r i s t i c  c h a r a c t e r i s t i c s  and a 
r e l a t i v e l y  new technique  of enzyme g e n e t i c s  a n a l y s i s  t o  test f o r  
* 
popula t ion  homogeneity. 
METHODS AND MATEUALS 
The jack  mackerel used i n  o u r  s t u d y  were o b t a i n e d  from several 
sources .  Two samples were taken from i s l a n d s  o f f  Baja C a l i f o r n i a  and 
two samples were taken  from sou the rn  C a l i f o r n i a  wa te r s  (Table 1). It 
w a s  hoped t h a t  t h e  g r e a t  d i s t a n c e s  between sampling a r e a s  would b e  
s u f f i c i e n t  t o  demonstrate  p o s s i b l e  d i f f e r e n c e s  between suspec ted  sub- 
populat ions.  
TABLE 1. Source o f  Jack Hackerel SamplesCollected Eor U s a  1n.Subpopulation I d e n r f f i c a t f o a  Study. 
Apprcximte d l  stance 
Sample Sgmple Fork l ength  Fork l ength  Standard i n  na-rrcal m i l e s  frc-:- 
group Lmation Date s i z e  r a n ~ e  (mn) nenn (mm) d e v ~ a c i o n  Cacaiinr Cuadslupc C . - 5  
-- - - -  - 
I Cuadalupe Is land 3 / 7 4  213 215-314 268 19 260 1 ? 
I1  Cedros Is land 3 / 7 4  197 134-233 157 16 350 170 
111 San Clemente Is land 8 /74  260 114-320 201 42 - 30 230 325 
IV Santa Catalina Is land 10174 326 204-245 231 25 260 350 
Fi sh  samples were c o l l e c t e d  by hook and l i n e  and b l a n k e t  n e t  under 
a n igh t - l i gh t .  When f i s h  were taken i n  g r e a t  n m b e r s ,  they were h e l d  
i n  the  l i v e  f i s h  holds  o f  t h e  r e sea rch  v e s s e l  ALASKA. Wl~en f i s h i n g  
was slow o r  f i ~ i i s h e d  f o r  the  n i g h t ,  b lood  sampling was i n i t i a t e d  by 
p l ac ing  a  small number of  f i s h  i n  a  dry  bucket  s o  t h a t  they would 
become moribund. Blood was taken by h e a r t  puncture w i t h  an 18  gauge 
hypodermic need le  and a  Peel-A-Way hepa r in i zed  blood sampler con ta in ing  
2 c c  of g l y c e r o l  c i t r a t e  s o l u t i o n  (2% V/V) t o  prevent  coagula t ion .  
Approximately 2 c c  of blood w a s  drawn s o  t h a t  each sample would be  
d i l u t e d  t o  t he  same degree. Corresponding i d e n t i f i c a t i o n  numbers 
were then  p laced  i n t o  the  f i s h ' s  pharynx and on t h e  blood sample; b o t h  
,were then  p laced  i n t o  the  f r e e z e r .  F ish  were f rozen  i n  groups of 25 
t o  b e  used i n  subsequent  morphometric and m e r i s t i c  s t u d i e s .  
Enzyme Gene t i c s  
I The blood from 20 f i s h  was t e s t e d  f o r  t h e  presence  of enzyme 
/ a c t i v i t y  by t h e  process  of h o r i z o n t a l  s t a r c h  g e l  e l e c t r o p h o r e s i s  a t  
/ 
t h e  l a b o r a t o r y  of Michael Soule of t he  Un ive r s i t y  of C a l i f o r n i a  a t  
San Diego. Of 11 tests conducted, only phosphoglucose isomerase (PGI) I 
1 showed s u f f i c i e n t  polymorphism t o  be  u s e f u l  i.n a  s tudy  of gene t i c  
I v a r i a b i l i t y  a s  an i n d i c a t o r  of subpopulat ion s t a t u s .  A l l  o f  t h e  blood 
I ) samples were then  t e s t e d  f o r  PGI phenotype by h o r i z o n t a l  s t a r c h  g e l  
I e l e c t r o p h o r e s i s  i n  our  l abo ra to ry .  
The f r e s h l y  thawed blood was a p p l i e d  t o  p i e c e s  of Whatman no. 3 
f i l t e r  paper  approximately 4 X 6 mm (0.16 X 0.25 inches)  which were 
i n s e r t e d  i n t o  s l i t s  i n  a  13- X 18- X 0.6-cm (ca. 5- X 7- X 0.25-inch) 
s t a r c h  g e l  made w i t h  E l e c t r o  S t a r c h  and Pou l ik  b u f f e r ,  pH 8.6. Pou l ik  
t r a y  b u f f e r  w a s  used ad jus t ed  t o  pH 8.0 f o r  t h e  ca thoda l  chamber and 
pH 7.0 f o r  the  anodal  chamber. So lu t ions  were r e a d j u s t e d  t o  t h i s  l e v e l  
be fo re  each run  f o r  fou r  o r  f i v e  runs and then rep laced .  F i f t e e n  
samples were run  i n  a  s i n g l e  g e l .  The optimum e l e c t r i c  c u r r e n t  was 60 
mil l iamperes  a t  100 t o  200 v o l t s  f o r  3 t o  4 hours .  During t h e  run the 
g e l s  were covered wi th  a  polye thylene  s h e e t  t o  p reven t  dehydrat ion and 
t h e  t r a y s  were p laced  i n  a  r e f r i g e r a t o r  t o  p reven t  overhea t ing .  A t  
t h e  completion of t h e  run  the  g e l  was s l i c e d  t o  h a l A  ,.;.ckness w i t h  
piano w i r e  and one of t h e  h a l f  g e l s  was p l aced ,  cu t  ? e  up, i n  a 
p l a s t i c  t r a y .  The fo l lowing  zymogram development s o  & t i o n  was then  
app l i ed  t o  t h e  c u t  s u r f a c e :  30 m l  Tris/HCl 0 .2  M y  pi 8 .0;  10 m l ,  
NgC1 0 . 1  M; 4 rnl Fructose-6-phosphate 0.018 M ;  10 mg 1 W P  i n  1 m l  of 
wa te r ;  30 u n i t s  of  G6-PDH i n  1 m l  wa te r ;  20 mg MTT i n  l . m l  of wa te r ;  
and 10 mg PMS i n  1 m l  of water .  The zymograms developed i n  1 hour  
of darkness  incubated a t  3 8 O ~  (100.4 '~) .  A t  t h a t  t ime t h e  zyr. 
which was manifested as b l u e  l i n e s ,  was i n t e r p r e t e d .  The PGL pileno- 
t ype  and a l l e l e  f requencies  f o r  each a r e a  were t a b u l a t e d  t o  b e  used 
i n  chi-square t e s t s  of  homogeneity. 
Mosphometrics and " : r i s t i c s  
I n  t h e  l abo ra to ry  whole f i '  . ';lcs were thawed and i d e n t i f i e d  
by t h e  numbered card  i n  t h e i r  pharynx. A s e r i e s  o f  s t a n d a r d  measurements 
w a s  t aken  from the  l e f t  s i z e  of  t h e  f i s h  w i t h  d i a l  c a l i p e r s  and recorded 
t o  0.01 mm. The s p i n e s  and rays  of t he  d o r s a l  and a n a l  f i n s  were 
counted and the  o t o l i t h s  were c o l l e c t e d  and subsequent ly  read .  The 
f i n  ray counts  f o r  each a r e a  were then  t a b u l a t e d  f o r  chi-square t e s t s  
of  homogeneity. Only groups L, 11, and 111 were ana lysed  i n  t h i s  phasn 
of t h e  s tudy .  
S t a t i s t i c a l  Methods 
Bef o r e  u s ing  observed PGL phenotype f requencies  t o  t e s t  f o r  popula t ion  
homogeneity, we used a chi-square test t o  compare them w i t h  t h e  expected 
Hardy-Weinburg equ i l i b r ium f requencies  . 
W e  t hen  used t h e  chi-square t e s t  of homogeneity t o  e v a l u a t e  t h e  
s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  gene frequency,  d o r s a l  ray counts ,  and 
a n a l  ray  counts .  The d a t a  were a r ranged  i n  Rox X Column (R X C) t a b l e s  
and the  expected number f o r  each c e l l  computed from t h e  bo rde r  t o t a l s .  
2 2 
The v a l u e  f o r  ch i - square  was t h e n  computed from t h e  fo rmula  x = C(o-e) /e 
w i t h  o = t h e  observed  f requency  and e = t h e  e x p e c t e d ,  and  d e g r e e s  of 
freedom, d f ,  = (R-1) (C-1). The p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  t h e  
v a r i o u s  v a l u e s  o f  ch i - square  were  de te rmined  from p u b l i s h e d  t a b l e s .  
' 
Cells w i t h  l e s s  t h a n  f i v e  e x p e c t e d  o c c u r r e n c e s  were  poo led  w i t h  
a d j a c e n t  c e l l s  w i t h i n  each column. 
RESULTS 
As mentioned e a r l i e r ,  of  t h e  11 s u b s t a n c e s  t e s t e d  i n  t h e  s c r e e n i n g  
p r o c e s s ,  only  PGI showed u s e f u l  polymorphism. Of t h e  o t h e r  enzymes 
sought  e s t e r a s e  and phosphoglucomutase (PGM) showed low l e v e l s  of 
polymorphism ; l a c t  a s e  dehydrogenase (LDH) and m a l a t e  dehydrogenase 
(MDH) were  monomorphic ; a l d o l a s e  , glutamate-oxaloace t a t e  t r a n s a m i n a s e  
(GOT),  fumarase ,  g l u c o s e  6-phosphate dehydrogenase (G 6-PDH) , and a l p h a  
g lycerophospha te  dehydrogenase (a lpha  GP3H) showed no r e s u l t s ;  and 
g e n e r a l  p r o t e i n  was n o t  c o n s i d e r e d  t o  be  d i a g n o s t i c .  Gary Sharp 
( InterAmerican T r o p i c a l  Tuna Commission p e r s .  commun. ) i n d i c a t e s  t h a t  
p o s i t i v e  r e s u l t s  f o r  some of  t h e s e  enzymes c o u l d  p robab ly  b e  found 
u s i n g  t i s s u e s  o t h e r  t h a n  b lood .  
The zymogram of PGI demons t ra ted  f i v e  a l l e l e s  which were  d e s i g n a t e d  
a s  A ,  B ,  C ,  D ,  and E depending on r e l a t i v e  speed  of m i g r a t i o n  t o n a r d  
t h e  p o s i t i v e  p o l e ,  w i t h  A b e i n g  t h e  f a s t e s t  (F igure  1 ) .  He te rozygotes  
d i s p l a y e d  t h r e e  b a n d s ,  one f o r  each a l l e l e  and one a t  t h e  approximate  
I half-way p o i n t ,  which s u g g e s t s  a dimer s t r u c t u r e .  PGI a c t i v i t y  was found a t  on ly  one l o c u s .  
The observed  phenotype f r e q u e n c i e s  do n o t  d i f f e r  s i g n i f i c a n t l y  from 
- t h e  expec ted  Hardy-Weinburg e q u i l i b  rim f r e q u e n c i e s  (Table 2)  , computed from t h e  
observed PGI a l l e l e  d i s t r i b u t i o n  (Table 3) and ch i - square  tests a t  t h i s  
I 
1 l e v e l  o f  sampl ing  s u p p o r t  a n u l l  h y p o t h e s i s  of homogeneity  a able 4 ) .  
POSITIVE POLE 
LIKE OF APPLICATION 
FIGURE 1. Diagram o f  phosphogluco i s o m e r a s e  zymograms from j a c k  
mackerel  b l o o d ,  s e p a r a t e d  by s t a r c h  g e l  e l e c t r o p h o r e s i s .  
D o t t e d  l i n e s  i n d i c a t e  pheno types  which  a r e  p o s s i b l e  b u t  w e r e  
n o t  obse rved .  L e t t e r s  i n d i c a t e  e a c h  phenotype.  
TABLE 2. D i s t r i b u t i o n  of Phosphogluco Isomerase Isozyme Phenotypes Among 
Jack  Mackerel from Southern C a l i f o r n i a  and Baja C a l i f o r n i a  Waters.  
Chi-Square Test of Nu l l  Hypothesis t h a t  tlze Phenotype 
Frequencies  Follow t h e  Hardy-Weinberg Equi l ibr im.  
TABLE '3.  D i s t r i b u t i o n  of Phosphogluco Isomerase Isozyme A l l e l e s .  f r o m  
PGI 
phenotype 
AA 
BB 
CC 
DD 
EE 
AB 
AC 
AD 
AE 
BC 
BD 
BE 
CD 
CE 
DE 
TO TAI, 
Jack Mackerel Taken i n  Southern C a l i f o r n i a  and Baja C a l i f o r n i a  
Waters. 
I 
PGI a l l e l e  
I 
Obs. Exp. 
11 6.09 
130 127.05 
0 .74 
4 7 55.60 
3 4.23 
22 19.29 
213 
Sample group 
Sample group 
11 
Obs. Exp. 
0 .01 
4 4.88 
119 121.95 
0 .4 1 
0 .4 7 
3 2.37 
0 .15 
0 .o 1 
52 48.79 
2 2.83 
0 .17 
16 14.17 
1 .79 
19 7 
Low frequen- 
c i e s p o o l e d  
x2 
DF 
10 12.05 
.868 
3 
14 10.93 
2.67 
3 
11 I 
Obs . Exp. 
0 .04 
8 6.34 
143 143.37 
0 .55 
1 .97 
5 4.63 
0 .29 
0 .02 
5 8  60.29 
3 3.74 
0 .33 
20 17.77 
2 1.56 
0 .10 
240 
I V  
Obs. Exp. 
0 .01 
12 10.14 
201  197.12 
1 .44 
0 .01 
1 .53 
1 2.33 
0 .I1 
1 .o 2 
85 89.42 
5 4.24 
0 .53 
17 18.66 
2 2.33 
0 .ll 
326 
11 12.25 
.9 30 
4 
11 10.66 
1.490 
4 
TABLE 4. Chi-Square Tes t  of Null  Hypothes i s  t h a t  PGI Gene Frequencies  
a r e  Homo geneous . 
a t  t h e  0 . 0 5  l e v e l .  
Gene 
A&B - 
C 
2 / D&E - 
T o t a l  
llThere was a  t o t a l  of 1 2  "A" a l l e l e s  observed.  
/There was a  t o t a l  of 6 "E" a l l e l e s  observed .  
x2 = 2.176, at 6 degrees  o f  freedom. The n u l l  hypo thes i s  is  no t  r e j e c t e d  
Sample group 
I 
Obs . Exp. 
72 73.98 
3 29 331.07 
25 20.95 
4 26 
IV 
Obs . Exp. 
118 113.23 
507 506.70 
27 32.07 
- 
652 
T o t a l  
339 
1 ,517 
9 6 
1 ,952  
I1 
Obs . Exp . 
65 68.43 
310 306.20 
19 19.37 
39 4 
111 
Obs . Exp. 
84 83.36 
371 373.03 
25 23.61 
4 80 
Morphometrics and M e r i s t i c s  
Morphometric and m e r i s t i c  d a t a  were compared t o  r e s u l t s  ob ta ined  
by Roedel and F i t c h  (Ca l i f .  Dept . Fish  and Game, unpublished d a t a )  i n  
1954 who a t  t h a t  t i m e  examined 1,253 specimens taken from c e n t r a l  and 
sou the rn  C a l i f o r n i a .  I n  t h e i r  a n a l y s i s ,  they .  observed no s i g n i f i c a n t  
d i f f e r e n c e s  from one l o c a l i t y  t o  ano the r  and hypo t h e s i z e d  t h e  samples 
t o  b e  from one homogeneous popula t ion .  
A f t e r  examination o f  t h e  mrphomet r i c  d a t a  and i n  c o n s i d e r a t i o n  1 1 
of Royce's (1957) arguments a g a i n s t  d i r e c t  comparison of propor t ions  i 
w e  decided t h a t  our morphological d a t a  were no t  s u i t a b l e  f o r  subpopula- 
t i o n  d i sc r imina t ion .  A more meaningf u l  t rea tment  o f  ou r  morphological 
d a t a  would b e  t h e  use of  m u l t i v a r i a t e  a n a l y s i s .  However, t o  u se  t h i s  
technique  t h e  sampled f i s h  should a l l  b e  i n  t h e  same s t a g e  of growth 
(by l e n g t h  o r  age)  and our samples d i d  no t  meet t h i s  c r i t e r i o n  (Table 1 ) .  
With r e s p e c t  t o  m e r i s t i c  coun t s ,  t h e  number o f  f i r s t  d o r s a l  s p i n e s  I 
was uniformly e i g h t  w i t h  one except ion  o f  seven.  The second d o r s a l  
I 1 
always had one s p i n e  and t h e  number of rays  v a r i e d  from 29 t o  37. The , r  
chi-square t e s t  o f  homogeneity of  t he  number of d o r s a l  r ays  among 
a r e a s  produced t h e  n o n s i g n i f i c a n t  v a l u e  of 15.13 a t  12 degrees  of 
freedom (Table 5) . m e  a n a l  f i n s  a l l  had t h r e e  s p i n e s  followed by I I 
25 t o  32 rays .  The chi-square va lue  was 30.05 a t  8 degrees  of  freedom 
which f a r  excee is  t he  allowed va lue  and i n d i c a t e s  t h a t  t h e  n u l l  hypothes is ,  
t h a t  t h e  sample groups a r e  homogeneous, must b e  r e j e c t e d  a t  t h e  0.05 
l e v e l  (Table 6) . Fur the r  a n a l y s i s  comparing each group a g a i n s t  each 
o t h e r  sugges t s  t h a t  they  a r e  a l l  d i f f e r e n t ,  one from ano the r .  This  is 
t h e  only c h a r a c t e r  which we examined t h a t  showed he t e rogene i ty .  The 
number o f  second d o r s a l  r ays  and a n a l  r ays  was p o s i t i v e l y  c o r r e l a t e d  
which i s  t o  b e  expected.  
TABLE 5 , Chi-Square T e s t  of t h e  Nul l  Hypothesis  t h a t  Second Dorsa l  
F in  Ray Count Frequencies  from Sample Groups I, 11 and 111 
a r e  Homogeneous. 
I Sample Group 
x2 = 12.803,  a t  10 degrees  of  freedom. The n u l l  hypo thes i s  i s  n o t  r e j e c t e d  
a t  t h e  0 .05  l e v e l .  
F i n  
ray  
count  
1 / 
> 3 6 -  
- 
35 
34 
3 3  
3 2 
2 / 
< 31 - 
- 
T o t a l  
l/There were 4 counts  g r e a t e r  than 36 observed.  
a m e r e  rrere 5 counts  less than  3 1  observed.  
T o t a l  
3 5  
7 5 
156 
19 7 
8 2  
33 
578 
I 
Obs . Exp . 
14 12.78 
30 27.38 
4 2 56.95 
7 8 71.91 
3 3 29.93 
14 12.05 
211 
I1 
Obs. Exp . 
11 11.75 
28 25.18 
53 52.36 
66 66.12 
2 7 27.52 
9 11.07 
194 
111 
Obs. Exp . 
10 10.47 
17  22.44 
6 1 46.69 
5 3  58.97 
22 24.55 
10 9 .88 
173  
TABLE 6.  Chi-Square Tes t  of t h e  Nul l  Hypothesis  t h a t  Anal F in  Ray 
Count Frequencies  From Sample Groups I ,  I1 and 111 a r e  
Homogeneous. 
Sample group 
count  Obs . Exp . 
28.84 
5 : iy I  ': 8.40 
T o t a l  211 
I1 
Obs. Exp . 
111 T o t a l  
Obs . Exp . 
x2 = 30.05, a t  8 degrees  of freedom. The n u l l  hypo thes i s  i s  r e j e c t e d  
a t  t h e  0.05 l e v e l .  
L X (Groups I VS. 11) = 13-72  (4 d * f . )  Re j ec t  a t  0.05 l e v e l .  
2 X (Groups I v s .  111) = 16.19 ( 4  d . f . 1  Rejec t  a t  0.05 l e v e l .  
xL ( ~ o u p s  I1 v s .  111) = 10.53 ( 4  d. f .1  Re jec t  a t  0.05 l e v e l .  
1/ Thereve re  11 counts  g r e a t e r  t han  30 observed. 
21 Therewere 6 counts  l e s s  t h a n  26 observed.  
DISCUSSLON 
The r e s u l t s  o b t a i n e d  from t h i s  f e a s i b i l i t y  s t u d y  are encourag ing .  
We have demons t ra ted  t h a t  t h e  j a c k  mackere l  o f f  s o u t h e r n  C a l i f o r n i a  
and  B a j a  C a l i f o r n i a  h a v e  a  polymorphic  p r o t e i n  i n  t h e i r  b l o o d  which 
p robab ly  can b e  used i n  c o n j u n c t i o n  w i t h  p r o t e i n s  from o t h e r  t i s s u e s  
t o  i d e n t i f y  p o s s i b l e  s u b p o p u l a t i o n s  o r  b r e e d i n g  s t o c k s  . 
We f e e l  t h a t  t o  compare o p t i m a l l y  t h e  r e l a t i o n s h i p  o f  t h e  l a r g e r  
nonschool ing  f i s h ,  which o c c u r  o f f  s h o r e ,  w i t h  t h e  s m a l l e r  n e a r s h o r e  
s c h o o l i n g  f i s h ,  a s e r i a l  sample  o f  a l l  y e a r  c l a s s e s  would have  t o  b e  
t a k e n .  A sample o f  hundreds  o f  f i s h  i s  n e c e s s a r y  t o  t r a c e  p o s s i b l e  
t r e n d s  i n  g e n e t i c  e q u i l i b r i u m .  Perhaps  l e s s  c o n c l u s i v e  r e s u l t s  c o u l d  
b e  o b t a i n e d  i f  fewer  £is11 were  used .  I n  o r d e r  t o  p roduce  t l ie most 
c o n c l u s i v e  r e s u l t s  r e g a r d i n g  geograph ic  s e p a r a t i o n  o f  s t o c k s  i t  would 
b e  n e c e s s a r y  t o  sample mature  f i s h  d u r i n g  t h e  h e i g h t  o f  spawning i n  
c a s e  t h e  s t o c k s  a r e  s e p a r a t e d  on ly  a t  t h i s  t i m e .  However, t h i s  does 
n o t  n e c e s s a r i l y  r e v e a l  s t o c k s  which spawn a t  s e p a r a t e  t i m e s  a t  t h e  
same l o c a l i t y .  The samples  a l s o  s h o u l d  b e  t a k e n  d u r i n g  a r e l a t i v e l y  
s h o r t  p e r i o d  of t ime t o  a v o i d  sampl ing  t h e  s a n e  s t o c k s  s h o u l d  t h e y  
f o l l o w  some m i g r a t i o n  r o u t e  o r  mix a f t e r  spawning. 
The d e t e r m i n a t i o n  o f  sample  s i z e  when u s i n g  PGI gene f r e q u e n c i e s  
c a n  be made i f  t h e  f o l l o w i n g  r e q u i r e m e n t s  are observed  and assumpt ions  
made: ( i )  a d i f f e r e n c e  o f  a t  l e a s t  5% i n  t h e  f requency  o f  t h e  dominant 
genes between areas is  s i g n i f i c a n t  (Gary S h a r p ,  In te rAmer ican  T r o p i c a l  
Tuna Commission, p e r s .  commun.) a n d ,  ( i i )  t h e  power, t h e  p r o b a b i l i t y  o f  
r e j e c t i n g  t h e  n u l l  h y p o t h e s i s  when i n  f a c t  i t  i s  f a l s e ,  s h o u l d  b e  a t  . 
least 0.80. The power o f  t h e  t e s t  can  b e  de te rmined  from t a b l e s  
p u b l i s h e d  by Owen (1962) b a s e d  o n  t h e  v a l u e  o f  A ,  a  n o n c e n t r a l i t y  
p a r a m e t e r  f o r  t h e  n o n c e n t r a l  ch i - square  d i s t r i b u t i o n .  The v a l u e  o f  A 
i s  de te rmined  from t h e  f o l l o w i n g  formula:  
where: X = n o n c e n t r a l i t y  parameter f o r  t he  noncen t r a l  chi-square 
2 (X ) d i s t r i b u t i o n  
n = s i z e  of t he  r e f e rence  sample ( a l l e l e s )  1 
n = s i z e  of the  comparison sample ( a l l e l e s )  2 
P = es t ima te  of frequency of dominant a l l e l e  of t h e  popula t ion  1 
i n  a r e a  1 based on r e fe rence  sample 
P2  = es t ima te  of frequency of dominant a l l e l e  of the  popula t ion  
i n  a r e a  2 based on the  comparison sample 
P = average of P and P2 o r  P1 1 + P2 
From t h i s  formula i t  was determined t h a t  because t h e  frequency of 
t he  dominant PGI gene i s  approximately 0.80,  a homogeneous r e fe rence  
sample of 1000 f i s h  (2000 a l l e l e s )  and homogeneous comparison samples 
of  400 f i s h  (800 a l l e l e s )  a r e  r equ i r ed  t o  d e t e c t  5% changes i n  t he  
dominant gene w i t h  a. power of  0.80. 
With r e spec t  t o  the  morphometric s t u d y ,  a few very c a r e f u l l y  made 
measurements of  50 t o  100 f i s h  of  the  same age group can be used t o  
. 
d i s c e r n  d i f f e r e n c e s  b e t r e e n  subpopula t ions  when compared through mult i -  
v a r i a t e  a n a l y s i s .  
Our comparison of m e r i s t i c  elements revea led  suspec ted  he t e rogene i ty  
only w i t h  r e s p e c t  t o  a n a l  f i n  ray counts .  We b e l i e v e  t h a t  t h i s  f e a t u r e  
deserves  a more comprehensive examination in t h e  f u t u r e .  
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